Background/Objectives: The aim of this study was to evaluate the estimated energy, nutrient and food intake from the suggested trans-European methodology for undertaking representative dietary surveys among schoolchildren: 2 Â 24-h dietary recalls (24-HDRs) combined with a food-recording booklet (FRB), using EPIC-Soft pc-program (the software developed to conduct 24-HDRs in the European Prospective Investigation into Cancer and Nutrition (EPIC) Study), against a 7-day food-record (7-dFR) method among Danish schoolchildren. Subjects/Methods: A total of 74 children aged 7-8 years and 70 children aged 12-13 years were recruited through the Civil Registration System in Denmark. Each child and one of their parents completed two face-to-face 24-HDRs, combined with optional use of a FRB, followed by a 7-day-estimated FR. Results: Energy intake was significantly higher with the 24-HDR method than with the 7-dFR method for both age groups. Mean energy intake was 6% higher for the youngest (P ¼ 0.02) and 11% for the oldest children (P ¼ 0.01); underreporting of energy occurs among the oldest children, being less present with the 24-HDR method. The intakes of carbohydrate and dietary fiber (absolute and related to energy) were significantly higher with the 24-HDR than with the 7-dFR for both age groups (Po0.001). No significant differences between the two methods were observed for absolute intake of fat and added sugar between both age groups, and for intake of protein among the 7-to 8-year olds. The percentage of energy intake from fat from the 24-HDR, however, was significantly lower for both age groups and for energy intake from added sugar for the 12-to 13-year olds. Conclusions: The 2 Â 24-HDR method compared with the 7-dFR yields relatively good values on the group level for many macronutrients and foods. However, some differences in estimated intakes of macronutrients suggest the need to carefully adapt the tools to be age and country specific. There is a tendency for parents and schoolchildren to report a healthier diet with the 24-HDR than with the FRs; this results in some concern about the method and has to be studied further.
Introduction
Representative data on children's diet is much demanded for risk assessment as well as for nutrition policy making both at national and EU level. The 'European Food Consumption Survey Method' Project (Biró et al., 2002; Brussaard et al., 2002 ) recommended a repeated 24-h dietary recalls (24-HDRs) method for harmonized food intake assessment in Europe among adults and older children. Within the 'European Food Consumption and Validation' Project, a trans-European methodology for undertaking representative dietary surveys among children was suggested (Andersen et al., 2011) . On the basis of the literature and a workshop for experts in May 2007, two methods were suggested: 2 Â 1-day food record (FR) for preschoolers (4-6 years) and 2 Â 24-HDR combined with a simple FR, primarily for foods eaten out of home, for schoolchildren (7-14 years). The rationale for these suggestions are described elsewhere (Andersen et al., 2011) .
The review of McPherson et al. (2000) , focusing on validity and reliability of dietary assessment methods among schoolaged children, describes only one study based on consensus interviews with the child and one parent recalling one meal, and another study using FRs as memory prompt of improving validity of child's lunch recalls. Moreover, more recent reviews describe only few studies involving both child and one parent (Livingstone et al., 2004; Burrows et al., 2010) . More knowledge about the feasibility and validity of the suggested method was therefore needed to refine the recommendations on how dietary intake should be measured in a trans-European survey among children.
A feasibility study was therefore conducted to assess whether the proposed methodology for schoolchildren would be acceptable to respondents and could be carried out effectively (Trolle et al., 2011) . The main aim of the present study was to evaluate the estimated energy, nutrient and food intake from 2 Â 24-HDR combined with a foodrecording booklet (FRB) against a 7-day FR (7-dFR) method among Danish schoolchildren.
Subjects and methods
Design, study population, recruitment Children in the age group of 7-8 years and 12-13 years were recruited, as described by Trolle et al. (2011) . Two 24-HDRs, face-to-face computer-assisted interviews using an updated EPIC-Soft software (the software developed to conduct 24-h dietary recalls in the European Prospective Investigation into Cancer and Nutrition (EPIC) Study), combined with a simple FRB, were conducted with the child and one parent, as described by Trolle et al. (2011) , followed by completion of 7-day-estimated FRs.
At the second visit, after the second 24-HDR, the children and their parents were given detailed instructions on how to complete the 7-dFR. The recordings were commenced on the following day and were collected at a third visit a few days after the 7-dFR was completed. Background information of the children and parents were obtained. For more details, see Trolle et al. (2011) . Written informed consent was obtained. The study was approved by The Danish National Committee on Biomedical Research Ethics.
The 24-HDRs
The 24-HDRs based on face-to-face computer-assisted interviews using an updated EPIC-Soft software and optional use of a FRB were conducted on two non-consecutive days, with 4-6 weeks between the two interview days. The weekdays were randomly assigned to the participants, aiming at an even distribution of weekdays. The method, the training of interviewers and processing of the EPIC-Soft data have been described in details in Trolle et al. (2011) . Differences in reported intakes of foods are either due to differences in frequencies of food intake or of the registered portion sizes or both. Therefore, from the intake data from both methods, we estimated the frequencies and portions sizes of the nine main foods of the cereal food group: white bread and buns and so on, brown bread and buns and so on (not rye), rye bread, hard bread, oat flakes and muesli, other breakfast cereals, rice, pasta and porridge.
Basal metabolic rate (BMR) was estimated for each individual according to the Nordic Nutrition Recommendations (2004) . Energy intakes estimated from 24-HDR and 7-dFR were evaluated with regard to underreporting and overreporting using estimated cutoff points based on physical activity level (PAL) values, of medium activity level (1.75 for boys and 1.68 for girls in both age groups) according to Livingstone et al. (2003) , Black (2000a, b) and Goldberg et al. (1991) where PAL is the mean PAL for the population under study, s.d. min is À2 for the 95% lower confidence limit, s.d. max is 2 for the 95% upper confidence limit and n is the number of subjects in the study ¼ 1 for estimating individual cutoffs. S is the factor that takes into account the variation in intake, BMR and energy requirements, and is given by:
where CV wEI is the within-subject coefficient of variation in energy intake ¼ 23, d is the number of days (2 and 7, respectively), CV wB is the coefficient of variation of repeated BMR ¼ 8.5 measurements or the precision of estimated compared with measured BMR, and CV tP is the total variation in PAL ¼ 15.
Statistical methods
Statistical calculations were carried out using the software package JMP 8.0 (SAS Institute Inc., Cary, NC, USA). Frequency calculations, summary statistics (mean±s.d.), and analysis of variance combined with Student's t-tests for individual comparisons were used. As data, especially on food intake, were skewed toward higher values, median, 25th and 75th percentiles are shown and differences between methods were tested using Wilcoxcon signed-rank test. Spearman's correlation coefficients were also calculated. Level of significance of Po0.05 has been used if not specified otherwise.
Results
Sample and weekdays A total of 74 children aged 7-8 years and 70 aged 12-13 years completed the study. Table 1 shows characteristics of the participants. There was an equal distribution among boys and girls in both age groups. For the 24-HDR, the day of the week was randomly assigned to each child, and a fairly equal representation of all days of the week was obtained. Percentages ranged from 12 to 17% (equality for each day of the week being 1/7 ¼ 14.3%). With regard to the FR, 70 of the 7-to 8-yearold children had 7 valid days (representing all 7 days of the week) and 4 children had 6 valid days; of the 12-to 13-yearold children, 60 had 7 valid days, 6 children had 6 days, 1 child had 5 days and 3 children had 4 days. The reason for invalid days was primarily illness.
Nutrient and food intake
The differences in intake of energy, macronutrients and foods between the two methods are shown in Tables 1 and 2. Average energy intake was significantly higher with the 24-HDR method than with the 7-dFR method for both age groups. Mean energy intake (Table 1 ) was 6% higher with the 24-HDR method than with the 7-dFR for the youngest (P=0.02) and 11% for the oldest children (P=0.01).
The estimated cutoff points for underreporters and overreporters on the basis of average PAL values of medium physical activity for the 24-HDR were 1.05 and 2.70 for girls and 1.09 and 2.81 for boys, and for the 7-dFR, 1.14 and 2.47 for the girls and 1.19 and 2.57 for the boys. Using these cutoff points, no underreporters were found among the 7-to 8-year olds and no overreporters among girls; however, two overreporters were found among boys with the 7-dFR method. Among the 12-to 13-year olds, five underreporters (7%; 3 girls and 2 boys) were identified with the 24-HDR method and nine underreporters with the 7-dFR (13%; 1 girl and 8 boys). No overreporters were observed among the 12-to 13-year olds.
Among the 7-to 8-year olds, the percentages of energy from carbohydrate and energy-adjusted dietary fiber intake were significantly higher with the 24-HDR than with the 7-dFR, whereas the opposite was observed for percentages of energy from fat. For the 12-to 13-year olds, the percentages of energy-adjusted intake of fiber were significantly higher with the 24-HDR than with the 7-dFR, whereas the opposite was found for percentages of energy for added sugar and fat.
For the 7-to 8-year-old children, the intake of cereals was significantly higher and the intake of fat products and sugar products was significantly lower with the 24-HDR method than with the 7-dFR. For the 12-to 13-year-old children, the intake of cereals, milk, vegetables and beverages was significantly higher and the intake of sugar products was significantly lower with the 24-HDR method compared with the 7-dFR.
Spearman's correlation coefficients between the two methods varied from 0.27 to 0.51 for energy and macronutrients, except for protein-E% for the 7-to 8-year-old children and for fat intake and carbohydrate-E% for the 12-to 13-year-old children, in whom the correlations were lower and nonsignificant. Spearman's correlation coefficients for the intake of food (groups) varied between 0.28 and 0.60. No significant correlation was found for poultry and sugar products for both groups, nor for meat for the youngest age group and cheese for the oldest group. Comparison of energy and macronutrient intakes between the days of the week with both methods revealed the overall picture that Fridays and Saturdays differed from the other weekdays (Table 3) . This was most pronounced with the 7-dFR in which the children were reported to have significantly higher intakes of energy on Fridays and Saturdays, and significantly higher intakes of carbohydrates and added sugar. The higher intake of carbohydrates on Fridays and Saturdays was mainly a result of a higher intake of added sugar, whereas the intake of dietary fiber on Sundays was lower than that on most of the other weekdays. The intake of fat was rather constant over the week, although the 7-dFR intakes on Fridays and Saturdays were significantly higher than that on Mondays to Thursdays. The starting day of the 7-dFR varied between the weekdays. This enabled testing whether there was a systematic effect on the energy and nutrient intake during the 7-day recording period, but this was not the case.
White bread and buns and so on, brown bread and buns and so on (not rye), rye bread, hard bread, oat flakes and muesli, other breakfast cereals, rice, pasta and porridge in all accounted for 93% of the mean intake (209 g) from 7-dFRs and 89% of the mean intake (235 g) from the 24-HDRs. The comparison of the frequencies and portion sizes of these cereal foods showed higher frequencies of intake with the 24-HDR method of all the main foods-except for porridge. Only oat flakes and muesli, other breakfast cereals and porridge showed higher mean portion sizes with the 24-HDRs compared with the 7-dFR. Portion sizes of white bread and buns and so on, brown bread and buns and so on (not rye), hard bread, rice and pasta showed lower mean portion sizes with 24-HDR.
Discussion
Results of the comparison of energy, nutrient and food intakes estimated from the 24-HDR method with intakes estimated from the 7-dFR method show differences between the two methods on group level, conspicuously for the oldest age group. Mean energy intake is 6% higher with the repeated 24-HDR compared with the 7-dFR for the 7-to 8-year-old children, and 11% higher for the 12-to 13-yearold children. The higher energy intake estimated from the 24-HDR method is mainly due to a significantly higher carbohydrate intake, which is seen in both age groups. By examining the intake from the various food groups, it is observed that the higher carbohydrate intake corresponds to a significantly Table 2 Comparison of daily intake of energy, macronutrients and selected food groups assessed by 24-HDR and 7-dFR, respectively, in the two age groups of 7-to 8-year-old children and 12-to 13-year-old children higher intake of cereals and beverages from the 24-HDR compared with the 7-dFR. The intakes of fruits and vegetables are also higher with the 24-HDR, but only the intake of vegetables among the oldest children is significantly higher. Contrary to this, the intake of sugar products is significantly lower with the 24-HDR method than with the 7-dFR method, which probably has influenced the carbohydrate intake in the opposite direction, although no difference in the absolute intake of added sugar was found. Intake of dietary fiber is also significantly higher with the 24-HDR method than with the 7-dFR, corresponding to the differences in intake from the cereal, fruit and vegetable food groups. Using the estimated BMRs and cutoff points, underreporting of energy intake was not observed with any of the methods within the youngest age group and only a few overreporters with the 7-dFR method. Underreporting was more pronounced within the older age group, the number of underreporters being 7% with the 24-HDR method and approximately twice as high with the 7-dFR (13%). These findings are in line with the tendency toward increasing underreporting with increasing age from childhood to adolescence, as described by McPherson et al. (2000) , Livingstone and Robson (2000) , Livingstone et al. (2004) and Burrows et al. (2010) . A validation of energy intake in a subsample of the participating children by measuring energy expenditure with the AgtiReg method is going to be published elsewhere (Rothausen et al., in preparation) .
As the study was designed to test the feasibility of the 24-HDR method (Trolle et al., 2011) , it was not an option to use the crossover design in this study, although it would have been more suitable for the relative validation. The 7-dFRs were therefore always conducted after the two nonconsecutive 24-HDR days. This might lead to more reporting fatigue within the 7 days of food recording. However, when testing for interaction in the analyses of differences between days of the week analyses showed no significant systematic effect on the energy and nutrient intake during the 7-day recording period.
The 24-HDR method seems to underreport to a lesser degree compared with the 7-dFR, but the results also indicate a significantly healthier diet on group level with the 24-HDR method than with the 7-dFR, as the percentage for fat (fat-E%) is lower and dietary fiber is higher. Added sugar-E% and carbohydrate-E% show the same tendencies, respectively. As data obtained with the 7-dFRs within the Danish National Dietary Survey might be biased in an healthier direction compared with the 'true' usual intake of the population, it is disturbing that the diet estimated from the 24-HDR method turns out even more healthier. The Spearman correlation coefficients between the two methods were relatively low, however, comparable to what has been observed in other relative validation studies (McPherson et al., 2000; Lillegaard et al., 2007) . Highest correlations were observed for intake of fiber, fruits and milk in both age groups and percentages of fat among the 7-to 8-years olds. One explanation for the relatively poor correlations may be that the two methods are based on different number of days, respectively, 2 versus 7 days. Because of the within-person variation, 2 days will not be able to capture as good a picture of the diet as 7 days. The evaluation of the 24-HDR against the 7-dFR has drawbacks at individual level but is relevant on the group level. In general, accuracy at individual level has shown to be poor (Livingstone et al., 2004) . The two methods are not independent, as we can, to a certain degree, expect the same measurement errors and bias of the two methods; both are based on self-reporting of the diet, based on quantification using picture books and household measurements. However, compared with biomarkers, the 7-dFR method has the advantage that it is possible to not only compare energy intake but also intakes of macronutrients and food groups, and thereby relatively evaluate the quality of the diet.
The results indicate that the differences in cereal intake between the methods might to a smaller extent be due to the differences in the quantification tools, as the differences in mean portion sizes are not consequently higher than those estimated by the 24-HDR method. The differences in cereal intake are more likely due to higher intake frequencies for cereal products.
As the diet is estimated with the two methods at nonoverlapping days, the differences in frequencies might actually reflect that there are random differences between the diets of the days of the two methods. It is, however, likely that the methods have influenced the reported diets. The methods are both based on the principle that the participants know in advance which days are going to be registered. This is considered an advantage in the feasibility study, in which we concluded that it was needed to be able to capture the diet out of home (Trolle et al., 2011) . On the other hand, this might also provide the opportunity to change the diet on these days, and thus influence the intake frequencies. Livingstone et al. (2004) suggest this conscious dieting as one of more factors of biased reporting. As it is easier to maintain a healthier diet on two non-consecutive days than during seven consecutive days, this might be most pronounced with the 24-HDR method. In addition, the interview situation of the 24-HDR method can increase the tendency of reporting a somewhat healthier diet, mentioned by Livingstone et al. (2004) as biased reporting due to a conscious/subconscious need for social approval, which has been shown for adults as well as for adolescents-especially girls. Results from the feasibility study, however, reveal the impression that neither the parents nor the children are aware of such changes from the usual diet. About 30% of both parents and children stated that the diet had differed from the usual diet, but only a less percentage stated that it was influenced by the registration (Trolle et al., 2011) . The presence of the parent might also increase the need for social approval and to some degree make the child unwilling to report unhealthy eating out of home not known by the parent. Only few studies are based on consensus interviews such as the present study, and the interviewer's or the parent's effects on conscious/ subconscious misreporting have not been studied (Livingstone et al., 2004; Burrows et al., 2010) . However, Sobo and Rock (2001) describe that in interviews with the child and a caretaker, the caretaker had a tendency to report unwarranted extrapolations from previous experiences and may have used their answers to advance culturally motivated presentation of themselves.
Conclusion
Differences in mean portion sizes between the two methods as described in the present study illustrate the importance of careful adaptation of the dietary assessment tools. The present study indicates that the 2 Â 24-HDR compared with the 7-dFR yields relatively good values on the group level for intake of energy and many macronutrients and foods, and a lower degree of underreporting for the older schoolchildren, whereas the capability to rank individuals was relatively poor for most macronutrients and foods. There may, however, be a tendency for parents and schoolchildren to report a healthier diet with the 24-HDR than with the FR. It is recommended to explore the effect of the interaction of the parents and children with interviewer in future studies.
